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(54) Optical information recording/reproducing apparatus and method 



(57) An optical information recording/reproducing 
apparatus for recording and/or reproducing information 
on or from both a land portion and a groove portion of a 
recording medium using a light beam includes a focus 
servo for adjusting a focus state of the light beam, and a 
tracking servo for adjusting a tracking state of the light 
beam. Parameters of the tracking servo and focusing 
servo are checked in state in which the light beam is 
being traced on the land portion and in a state in which 
the light beam is being traced on the groove portion, 
respectively. The focus servo and/or the tracking servo 
adjusts the focus state and/or tracking state of the light 
beam on the basis of the parameters. 
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Description 

The present invention relates to an optical informa- 
tion recording/reproducing apparatus which records 
information on an information recording medium by 
using a laser beam and, more particularly, to control of 
a laser beam spot in an optical information record- 
ing/reproducing apparatus which uses, as information 
tracks, both track grooves (guide grooves: grooves) 
formed in a disk- or card-like recording medium and por- 
tions other than the track grooves (portions other than 
the guide grooves: lands) to record/reproduce informa- 
tion along the information tracks. 

In an optical information recording/reproducing 
apparatus, a light beam emitted from a semiconductor 
laser is formed into a spot with a diameter of about 1 urn 
through an objective lens and irradiated oh an optical 
disk To focus this small light spot on the medium sur- 
face of the optical disk, feedback loop control called 
focusing servo is normally used. 

To position the light spot on spiral or concentric 
information tracks on the medium surface, a tracking 
servo loop is used. These control loops are normally 
constituted by the following elements. 

1. An optical sensor for receiving a light beam 
reflected by the disk. 

2. An amplifier for amplifying an output from the 
optical sensor. 

3. A control stabilizing compensator for stabilizing 
an output from the amplifier. 

4. An objective lens actuator for focusing the light 
beam on the disk. 

A focusing direction position error between the light spot 
and the optical disk surface is detected on the basis of 
the amount of light received by the optical sensor, and 
the objective lens is moved by the actuator, thereby con- 
trolling the position of the light spot on the disk surface. 
Similarly, a tracking direction position error between the 
track on the disk and the light spot is detected on the 
basis of the amount of light received by the optical sen- 
sor, and the objective lens is moved by the actuator, 
thereby controlling the position of the light spot on the 
track. 

In recent years, a technique is used to increase the 
data memory capacity, in which both guide grooves 
(grooves) constituting the tracks and portions other than 
the guide grooves (lands) are used as data tracks. For 
example, Japanese Laid-Open Patent Application No. 
6-176404 discloses an apparatus which records infor- 
mation at both lands and grooves formed in a three- 
dimensional structure. This apparatus employs a tech- 
nique of inverting the tracking servo polarity to track the 
lands and grooves. This prior art also discloses a tech- 
nique of specifying an arbitrary track by recording 
address information in the disk as a three-dimensional 
pattern, i.e., a so-called embossed pit. 

This recording technique using both the guide 



grooves and the portions other than the guide grooves 
as information tracks to increase the track density is 
called land/groove recording. In land/groove recording, 
the track pitch becomes much smaller than that of a 

5 conventional technique using only lands or grooves as 
recording tracks. For example, in a 3.5-inch magnetoop- 
tical disk with an ISO standard capacity of 230 MB, the 
track pitch is about 1.4 u.m. To perform land/groove 
recording at this pitch, a groove structure with a 0.7-u.m 

10 land width and a 0.7-u.m groove width is used. In 
band/groove recording, therefore, the track pitch is 0.7 
urn, i.e., 1/2 that of the 230-MB magnetooptical disk 
device. For this reason, a highly precise tracking servo 
is required to realize land/groove recording. In addition, 

75 to properly record a signal at such a small track width, or 
to prevent a signal from being recorded at an adjacent 
track, the focus servo must be highly precise because 
an increase in light spot size caused due to defocusing 
is fatal. 

20 In an actual optical information recording/reproduc- 
ing apparatus, however, an offset of an electrical circuit, 
an error in attachment of an optical component, or the 
like generates an offset in a position error signal such as 
a focus error signal or a tracking error signal, resulting in 

25 a large obstacle against construction of a highly precise 
servo system. 

A small difference between the land width and the 
groove width cannot be avoided. For this reason, a 
servo signal, a focus error signal, or a tracking error sig- 

30 nal generated upon detecting the light beam reflected 
by the guide grooves of the disk changes to some extent 
between the lands and the grooves, so the servo sys- 
tem cannot be constituted by one circuit. 

As for a light spot, the difference between a mode 

35 wherein the light beam is irradiated on a land and a 
mode wherein the light beam is irradiated on a groove 
corresponds to the difference between a mode wherein 
the light beam is irradiated on the projecting portion of 
the track and a mode wherein the light beam is irradi- 

40 ated on the recessed portion of the track. For this rea- 
son, a focus or tracking error signal changes to some 
extent. Particularly, when the optical system has an 
aberration, this difference increases to degrade the 
imaging performance. Therefore, the characteristic dif- 

45 ference between the lands and the grooves poses a 
serious problem. 

The present invention has been made to at least 
alleviate the above problems, and has as its object to 
provide an optical information recording/reproducing 

so apparatus with a high reliability in its recording/repro- 
ducing operation, which may eliminate the characteris- 
tic difference between lands and grooves, realize a 
highly precise focus servo and tracking servo, and 
achieve high-density large-capacity information record- 

55 ing. 

ft is another object to provide an optical information 
recording/reproducing apparatus which may easily and 
quickly eliminate the characteristic difference between 
lands and grooves by recording in advance an adjust- 
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ment signal on an optical disk. 

It is still another object of the present invention to 
provide an apparatus which may eliminate the charac- 
teristic difference between lands and grooves by arrang- 
ing, in the apparatus, an adjustment signal recording s 
means for recording an adjustment signal and referring 
to crosstalk not only from a follow-up track but also from 
adjacent tracks even when a disk without an adjacent 
signal isused. 

It is still another object of the present invention to at 10 
least reduce the characteristic difference between lands 
and grooves by detecting the characteristic difference 
with a detection means for detecting abnormalities in 
the focus servo and the tracking servo of an optical 
information recording/reproducing apparatus for per- is 
forming land/groove recording. 

It is still another object of the present invention to 
provide an optical information recording/reproducing 
apparatus with a high reliability and a large capacity by 
at least reducing the influence of the gain difference or 20 
offset difference in focus error signals or tracking error 
signals between lands and grooves. 

In order to achieve the above objects, according to 
the present invention, there is provided an optical infor- 
mation recording/reproducing apparatus which records 25 
and/or reproduces information on/from both a land por- 
tion and a groove portion, which are formed on a record- 
ing medium, by using a light beam, comprising: 

a focus servo for adjusting a focus state of the light so 
beam; 

a tracking servo for adjusting a tracking state of the 
light beam; and 

means for checking a parameter of the focus servo 
and/or the tracking servo in a mode wherein the 35 
light beam is tracing the land portion and in a mode 
wherein the light beam is tracing the groove portion, 

wherein the focus servo and/or the tracking servo 
adjusts the focus state and/or the tracking state of the ao 
light beam on the basis of the parameter checked by the 
check means. 

There is also provided an optical information 
recording/reproducing apparatus which records and/or 
reproduces information on/from both a land portion and 45 
a groove portion, which are formed on a recording 
medium, by using a light beam, comprising: 

a focus servo for adjusting a focus state of the light 
beam on the basis of a focus error signal represent- so 
ing the focus state of the light beam; 
a tracking servo for adjusting a tracking state of the 
light beam on the basis of a tracking error signal 
representing the tracking state of the light beam; 
and 55 
means for switching an offset signal to be added to 
the focus error signal and/or the tracking error sig- 
nal to compensate an offset included in the focus 
error signal and/or the tracking error signal between 



a mode wherein the light beam is tracing the land 
portion and a mode wherein the light beam is trac- 
ing the groove portion. 

There is also provided an optical information 
recording/reproducing apparatus which records and/or 
reproduces information on/from both a land portion and 
a groove portion, which are formed on a recording 
medium, by using a light beam, comprising: 

a focus servo for adjusting a focus state of the light 
beam on the basis of a focus error signal represent- 
ing the focus state of the light beam; 
a tracking servo for adjusting a tracking state of the 
light beam on the basis of a tracking error signal 
representing the tracking state of the light beam; 
and 

means for switching a determination level value of 
the focus error signal and/or the tracking error sig- 
nal used to detect a deviation of the focus servo 
and/or the tracking servo between a mode wherein 
the light beam is tracing the land portion and a 
mode wherein the light beam is tracing the groove 
portion. 

There is also provided an optical information 
recording/reproducing method used to record and/or 
reproduce information on/from both a land portion and a 
groove portion, which are formed on a recording 
medium, by using a light beam, comprising the steps of: 

adjusting a focus state of the light beam by a focus 
servo; 

adjusting a tracking state of the light beam by a 
tracking servo; and 

checking a parameter of the focus servo and/or the 
tracking servo in a mode wherein the light beam is 
tracing the land portion and in a mode wherein the 
light beam is tracing the groove portion, 

wherein the focus servo and/or the tracking servo 
adjusts the focus state and/or the tracking state of the 
light beam on the basis of the parameter checked in the 
step of checking the parameter. 

There is also provided an optical information 
recording/reproducing method used to record and/or 
reproduce information on/from both a land portion and a 
groove portion, which are formed on a recording 
medium, by using a light beam, comprising the steps of: 

adjusting a focus state of the light beam on the 
basis of a focus error signal representing the focus 
state of the light beam; 

adjusting a tracking state of the light beam on the 
basis of a tracking error signal representing the 
tracking state of the light beam; and 
switching an offset signal to be added to the focus 
error signal and/or the tracking error signal to com- 
pensate an offset included in the focus error signal 
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and/or the tracking error signal between a mode 
wherein the light beam is tracing the land portion 
and a mode wherein the light beam is tracing the 
groove portion. 

There is also provided an optical information 
recording/reproducing method used to record and/or 
reproduce information on/from both a land portion and a 
groove portion, which are formed on a recording 
medium, by using a light beam, comprising the steps of: 

adjusting a focus state of the light beam by a focus 
servo using a focus error signal representing the 
focus state of the light beam; 
adjusting a tracking state ol the light beam by a 
tracking servo using a tracking error signal repre- 
senting the tracking state of the light beam; and 
switching a determination level value of the focus 
error signal and/or the tracking error signal used to 
detect a deviation of the focus servo and/or the 
tracking servo between a mode wherein the light 
beam is tracing the land portion and a mode 
wherein the light beam is tracing the groove portion. 

A number of embodiments of the invention will now 
be described, by way of example only, with reference to 
the accompanying drawings in which: 

Fig. 1 is a block diagram of a servo system in an 
optical information recording/reproducing appara- 
tus of an embodiment of the present invention; 
Fig. 2 is a block diagram of hardware in the optical 
information recording/reproducing apparatus of an 
embodiment of the present invention; 
Fig. 3 is a block diagram of an automatic focus 
adjustment system of an embodiment of the 
present invention; 

Fig. 4 is a flow chart (task portion) of tracking error 
signal amplitude measurement in an embodiment 
of the present invention; 

Fig. 5 is a flow chart (interrupt portion) of tracking 
error signal amplitude measurement in an embodi- 
ment of the present invention; 
Fig. 6 is a block diagram of an automatic tracking 
adjustment system in an embodiment of the 
present invention; 

Fig. 7 is a block diagram of an automatic focus gain 
adjustment system in an embodiment of the 
present invention; and 

Fig. 8 is a block diagram of the automatic tracking 
adjustment system in an embodiment of the 
present invention. 

[First Embodiment] 

<A) Outline of Automatic Servo System Adjustment 

The hardware arrangement of an optical informa- 
tion recording/reproducing apparatus according to an 



embodiment of the present invention will be described. 
Fig. 2 is a block diagram showing the hardware arrange- 
ment of the servo system of a magnetooptical disk 
device of the present invention. 

5 Servo processing of this embodiment is performed 

by software servo processing by a CPU 1 . Most of auto- 
matic servo system adjustment is also performed as 
firmware processing in the CPU 1 . Threshold setting for 
a track counting comparator (not shown) requiring a 

io high-speed operation and offset adjustment of an AGC 
3 cannot be processed in the CPU 1, so that a voltage 
is set in an external device by a serial D/A converter 4. 
The respective constituent elements will be described 
below. 

15 

(a) CPU 1 

The CPU 1 is a CPU of a RISC type and incorpo- 
rates a hardware multiplier, so that multiplication of 16 * 
20 16 = 32 bits can be performed in 150 ns. The CPU 1 
also incorporates a 10-bit A/D converter of eight chan- 
nels. 

(b) A/D & D/A Converter Unit 2 

25 

The 8-bit A/D converter has input terminals of eight 
channels by time division. In the 8-channel scanning 
operation, the total channel conversion time is 1.7 ^s. 
The 8-bit D/A converter has output terminals of four 
so channels and a settling time of about 3 \is. 

(c) Serial D/A Converter 4 

The D/A converter 4 is a serial communication type 
35 8-bit D/A converter of 1 2 channels and operates at a low 
speed with a settling time of 300 ^is. 

(d) AGC 3 

40 Upon receiving servo sensor outputs of eight chan- 
nels, the AGC 3 generates servo signals such as a 
focus (AF) error signal, a tracking (AT) error signal and 
a total light amount (SUM) signal and performs a nor- 
malizing (AGC) operation of the servo signal. Upon 

45 receiving an output from a lens position sensor, the 
AGC 3 generates a lens position (LP) signal and per- 
forms an APC operation of the lens position LED. 

(e) AF/AT Driver 5 

50 

The AF/AT driver 5 has a bridge output power oper- 
ational amplifier of two channels. Upon receiving an 
AF/AT drive signal, the AF/AT driver 5 drives the actua- 
tor at a maximum drive current of 0.7 A. 

55 

(f) LM Driver 6 

The LM driver 6 has a voice coil driver. Upon receiv- 
ing an LM drive signal, the LM driver 6 drives the actua- 
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tor at a maximum output of 2 A. 

(g) External ROM 7 and External RAM 8 

Although the CPU 1 incorporates a ROM and a s 
RAM, the external ROM 7 and the external RAM 8 are 
used because of the small memory capacity of the CPU 
1 . These memories are mainly used for the processing 
unit of the system control system and used for process- 
ing except the real-time processing of the servo system, 10 
which can be performed at a low speed. A portion of the 
automatic adjustment system, which requires a large 
memory area but no high-speed operation, uses the 
external RAM. 

75 

(h) R/W Signal Processing System 9 

The R/W signal processing system 9 is used for 
processing of an RF signal. The R/W signal processing 
system 9 generates a magnetooptical signal amplitude 20 
necessary for automatic adjustment of an AF offset 
value, an AT offset value, an AF deviation detection 
level, or an AT deviation detection level, or the hold 
value of a VFO amplitude. 

25 

(i) Mechatronics (mechanics and electronics) 10 

The mechatronics 10 is a mechatronics for a 3.5- 
inch magnetooptical disk, which is constituted by a head 
for a normal magnetooptical disk, a spindle motor for 30 
rotating the disk, and the like. The mechatronics 10 
incorporates an optical head of a separation optical type 
like that mounted in a normal magnetooptical disk 
device. An objective lens mounted on a carriage as a 
movable portion can be moved by the actuator in the 35 
focusing and tracking directions. By moving this objec- 
tive lens, focus and tracking servo operations are per- 
formed. A sensor for detecting the relative position of 
the carriage and the objective lens along the tracking 
direction is arranged. The sensor is used to drive the 40 
carriage in a tracking operation or fix the position of the 
objective lens during a seeking operation. This sensor is 
called an objective lens position sensor and also called 
a "len position" sensor because it detects the lens posi- 
tion. The detection technique of this sensor can be real- 45 
ized by fixing an optical light-emitting/light-receiving 
element such as a photointerruptor at the carriage por- 
tion and placing a light-shielding plate engaging with the 
objective lens in the optical path of the photointerruptor. 

On the basis of a servo signal from the optical head so 
in the mechatronics 10 portion, the AGC 3 generates or 
normalizes a servo signal. This servo signal is digitized 
by the A/D converter of the A/D & D/A converter unit 2. 

0) Focus Servo Loop 55 

The focus servo, loop will be described. A focus 
error signal (AF in Fig. 2) output from the AGC 3 is con- 
verted into a digital value by the A/D & D/A converter 
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unit 2. On the basis of this digital value, filter calculation 
for stabilizing the servo loop is performed by the CPU 1 . 
The calculation result is output to the D/A converter of 
the A/D & D/A converter unit 2 and converted into an 
analog signal (AF DRV in Fig. 2). A focusing actuator in 
the mechatronics 10 is driven by the AF driver amplifier 
of the AF/AT driver 5. 

(k) Tracking Loop 

The tracking loop is formed in the similar manner. 
The tracking loop has elements for inverting the signal 
polarity to switch between a land portion tracking mode 
and a groove portion tracking mode. This will be 
described later in detail. 

Fig. 1 is a block diagram showing a servo system 
function according the first embodiment of the present 
invention. Most of the automatic servo system adjust- 
ment operations are performed at the stage of numeri- 
cal data in the CPU 1. Part of processing is performed 
using the external serial D/A converter 4. 

(B) Focus Servo System 

A focus error signal from the mechatronics 10 is 
input to the AGC 3 and then to the A/D converter portion 
of the A/D & D/A converter unit 2. The data converted 
into a digital value is AF error data. The AF error data is 
added to AF offset data by an adder 23, so that offset- 
adjusted AF error data is obtained. The data at a moni- 
toring point 24 is fundamental data of the AF error and 
used as an error signal for focus servo or for monitor 
such as focus deviation detection. 

In an automatic adjustment operation, in two 
modes, i.e., in a land portion tracking mode and a 
groove portion tracking mode, the value of the AF offset 
is outputing by the AF offset block 22 is actually 
changed, and the RF signal amplitude is monitored, 
thereby finding an optimum focus point. 

Data calculated by a phase compensation filter 25 
is multiplied by a multiplier 27 with data of a gain varia- 
ble block 26 for adjusting a loop gain and output to a D/A 
converter portion 28 of the A/D & D/A converter unit 2. 
The gain variable block is also adjusted to an optimum 
value in the two modes, i.e., in the land portion tracking 
mode and the groove portion tracking mode. 

(C) Tracking Servo System 

The tracking servo system basically has the same 
arrangement as that of the focus servo system. A track- 
ing error signal from the mechatronics 10 is input to the 
AGC 3 and normalized. The signal is input from the 
AGC 3 to the A/D converter portion of the A/D & D/A 
converter unit 2. The data converted into a digital value 
is AT error data. AT offset block 32 corrects not only a 
DC offset but also an offset of the lens position. Switch- 
ing between the land portion tracking mode and the 
groove portion tracking mode is performed by inverting 
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the polarity of the tracking error signal by a polarity 
inversion block 42. 

In an automatic adjustment operation, in the two 
modes, i.e., in the land portion tracking mode and the 
groove portion tracking mode, the value of the AT offset 
output by AT offset block 32 is actually changed, and the 
RF signal amplitude is monitored, thereby finding the 
optimum tracking offset point. 

An offset value is measured on the basis of a signal 
amplitude which appears at a monitoring point 34 when 
the AT offset value is set to be zero and the light spot 
crosses the tracks. An AT binarizing threshold value of 
D/A converter block 39 is set in accordance with the 
measurement value. 

The AT actuator must be driven not only by the 
tracking servo but also by jump control block 40 and a 
lens position servo, and this operation is represented by 
a switch 41 in Fig. 1. 

(D) Lens Posrtion Servo System 

The lens position servo system basically has the 
same arrangement as that of the focus servo system. 
An objective lens position sensor output from the 
mechatronics 10 is input to the AGC 3 and normalized. 
The data is input from the AGC 3 to the A/D converter 
portion of the A/D & D/A converter unit 2. The data con- 
verted into a digital value is LP error data. As in the 
focus servo system, this data is referred to by various 
functional modules as lens position data after LP offset 
correction calculation and adjustment at the first stage. 
Since no high gain precision is required, gain adjust- 
ment is not performed. 

When the AT signal amplitude is to be measured, a 
light spot is forcibly caused to cross tracks. For this pur- 
pose, a low-frequency drive offset block 56 supplied 
drive offset data, to the output stage of the lens position 
servo system, thereby vibrating the objective lens. 

(E) Trace Servo System 

The LP error data is offset -adjusted by a trace off- 
set block 62 and used by various functional modules. 
The trace offset block 62 has a function of canceling the 
decentering amount of a rotating disk. The CPU 1 has a 
spindle rotation synchronizing counter for counting 
about 100 pulses per revolution in synchronism with 
rotation of the spindle motor. In the trace operation, 
trace offset data corresponding to the decentering 
amount is updated in synchronism with the spindle rota- 
tion synchronizing counter, so that a lens position signal 
from which a decentering component is removed is 
obtained at a monitoring point 64. As in the AT servo, 
switching to a seek control block 66 is represented by a 
switch 67. 

(F) SUM Signal System 

A signal obtained by adding all outputs from a plu- 



rality of divided servo sensors is called a SUM signal. 
The SUM signal is converted into digital data by the A/D 
converter portion of the A/D & D/A converter unit 2, 
thereby determining AF deviation detection threshold 

5 data based on the SUM signal. 

The AF deviation detection threshold data based on 
the SUM signal is also measured and determined in the 
two modes, i.e., in the land portion tracking mode and 
the groove portion tracking mode. Deviation detection is 

10 performed using threshold data corresponding to each 
mode. 

Algorithms for setting an AF offset, an AT offset, an 
LP offset, a trace offset, and the like will be described 
below. 

15 

(1) AF Offset (Coarse Adjustment, Fine Adjustment, 
Deviation Detection Level) 

Fig. 3 is a block diagram showing parts extracted 
20 from the functional block diagram (Fig. 1) of automatic 
adjustment, which are particularly necessary for auto- 
matic AF offset adjustment. 

Automatic focus offset adjustment is roughly classi- 
fied into two automatic adjustment operations. One is 
25 an offset adjustment operation using a tracking error 
signal amplitude as a guideline. The other is a highly 
precise offset adjustment operation performed in the 
land portion tracking mode and the groove portion track- 
ing mode by using a magnetooptical signal amplitude or 
30 VFO signal amplitude as a guideline. The former will be 
referred to as an "automatic AF offset adjustment oper- 
ation using an AT signal amplitude" and the latter, an 
"AF offset adjustment operation using a VFO ampli- 
tude". 

35 After the laser is turned on, and an AF operation is 
completed, the "automatic AF offset adjustment opera- 
tion using an AT signal amplitude" is performed while 
rotating the disk at a predetermined speed. Thereafter, 
an AT operation is completed, and the "AF offset adjust- 

40 ment operation using a VFO amplitude" is performed in 
a trace state. In the trace state, the land portion tracking 
mode is set first, and a precision AF offset adjustment 
operation optimum for land tracking is performed. 
Thereafter, the groove portion tracking mode is set, and 

45 an AF offset adjustment operation optimum for groove 
tracking is performed. 

These two automatic adjustment operations are 
independent modules. When both the automatic adjust- 
ment operations are completed, an AF offset is set by 

so the "AF offset adjustment operation using a VFO ampli- 
tude". 

The "automatic AF offset adjustment operation 
using an AT signal amplitude" and the "AF offset adjust- 
ment operation using a VFO amplitude" will be 
55 described below in detail. 

In the "automatic AF offset adjustment operation 
using an AT signal amplitude", an automatic offset 
adjustment operation is performed in the servo state for 
automatic adjustment, i.e., after the AF servo loop is 
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formed, and the AT actuator is held at the center by the 
lens position servo. The AT actuator is fixed by the lens 
position servo almost at the center of the movable 
range. At this time, to guarantee that the light spot 
crosses the tracks, the objective lens is finely vibrated. 
A drive signal of a sine wave with a predetermined 
period is supplied to the lens position servo loop, 
thereby vibrating the objective lens. For example, vibra- 
, tions having a period of, e.g., about 100 Hz and an 
amplitude of about 10 to 20 um are generated. As 
shown in Fig. 3, this drive signal is supplied as the LP 
drive offset 56 immediately before the D/A output of the 
lens position servo. This concerns a quantization error 
of the lens position servo. When a signal is supplied 
immediately before the D/A output, vibrations smoother 
than those generated by supplying a sine wave as a tar- 
get value of the lens position servo loop can be gener- 
ated. To generate smoother vibrations, the lens position 
servo band must be set low. 

On the other hand, during the seeking operation, 
the lens position servo band must be set wide, i.e., the 
gain must be increased to minimize the vibration of the 
objective lens. Therefore, the lens position servo band 
is set wide during the seeking operation, and otherwise, 
the lens position servo is set narrow. This arrangement 
can be achieved by changing the gain and filter charac- 
teristics of a phase compensation filter 55 in the CPU 1 
between the seeking operation and other operations. 
This can be easily realized by a software servo using 
the CPU 1 without any obstacle. 

When the lens position servo band is set wide dur- 
ing the seeking operation or narrow otherwise, the 
vibration of the objective lens can be minimized during 
the seeking operation. Therefore, an error in position or 
velocity, detected by a track count, caused by the vibra- 
tion of the objective lens can be eliminated, so that a 
stable seeking operation can be performed. 

When the lens position servo band is set narrow in 
the automatic AF offset adjustment operation, the 
objective lens can be smoothly moved. The light spot 
can be caused to cross the tracks of a disk without 
decentering. In addition, when the objective lens is 
smoothly moved, the signal waveform can be prevented 
from being distorted by an undesirable vibration, so that 
the precision of AT signal amplitude measurement can 
be increased. 

Furthermore, when the lens position servo band is 
set narrow except during the seeking operation, the 
actuator can be prevented from undesirably receiving a 
driving force. With this arrangement, the power con- 
sumption can be decreased, and heat generation of the 
actuator can be prevented. 

(2) Sequence of Adjustment 

In an AF operation, the range of an offset value to 
be applied to the AF servo loop for adjustment is deter- 
mined on the basis of the peak value data of the S- 
shaped characteristic curve of a measured focus error 



signal. The range is set to be, e.g., 1/2 the S-shaped 
peak value. 

The offset value is changed at a resolution equally 
dividing the half of this peak value into eight segments. 

5 Measurement is performed at 17 points including the 
zero point and positive and negative points. First, the AT 
signal amplitude is measured at an offset value of 0, 
and the amplitude value and the offset value are stored 
in correspondence with each other. 

10 The offset value is changed every step of the above 
resolution in the negative direction, and AT signal ampli- 
tude values at the respective steps and given offset val- 
ues are stored in correspondence with each other. This 
operation is performed within the above range, i.e., up 

is to eight steps. 

Simultaneously, the maximum AT signal amplitude 
value is determined. When an AT signal amplitude value 
smaller than 80% of the maximum value is measured 
during step measurement, a sequence for inhibiting to 

20 increase the absolute value of the offset is taken. This is 
because the in-focus state must be prevented from 
being excessively degraded to cause a focus deviation. 

The offset value is changed again up to the zero 
point. At this time, measurement in the positive direction 

25 is performed as in measurement in the negative direc- 
tion. Upon completion of measurement at all points, the 
maximum AT signal amplitude value is found. An AF off- 
set value for obtaining an amplitude value correspond- 
ing to 80% of the maximum value is calculated. This 

30 offset value smaller than 80% of the maximum ampli- 
tude value is obtained by linear interpolation based on 
the preceding and subsequent offset values. The aver- 
age value, i.e., the medium of the offset values smaller 
than 80% of the maximum amplitude value in the posi-. 

35 five and negative directions is obtained as a set offset. 
Finally, the offset is gradually changed up to the set off- 
set. An abrupt change must be avoided because it 
causes a focus deviation. This offset value smaller than 
80% of the maximum amplitude value can be set as a 

40 focus deviation detection threshold level. 

(3) Method of Measuring AT Signal Amplitude 

Basically, AT signal amplitude measurement is per- 
45 formed by peak-hold and bottom-hold operations. The 
attack/hold characteristics are set in consideration of 
the averaging effect such that an abrupt response to 
noise can be prevented. An amplitude is defined as 1/2 
the difference between the peak and bottom values. 
so Processing is performed at a servo interrupt timing of 50 
kHz. The AT error A/D value is read, and in accordance 
with the difference in magnitude between the peak data 
value and the bottom data value, 1/8 the difference is 
added for the attack characteristics while 1 /1 024 the dif - 
55 ference is subtracted for the hold characteristics. 

In parallel with the above processing, the peak/bot- 
tom data is integrated and averaged at a sampling tim- 
ing of 50 kHz. For example, data for 16.6 ms 
corresponding to one revolution are averaged for one 
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point of the applied focus offset value during measure- 
ment. This will be described below with reference to flow 
charts. Fig. 4 shows the main flow of AT signal ampli- 
tude measurement of the present invention. Fig. 5 
shows the flow of an interrupt module. s 

Assume that the AT signal amplitude is ±100 when 
the light spot is crossing the tracks, A method of detect- 
ing the peak value on the +100 side will be described 
below. A method of detecting the negative peak (bot- 
tom) value on the -100 side can be easily realized only 
by considering the sign or magnitude, and a detailed 
description thereof will be omitted. 

Peak-hold processing is started in step 1 (s1). In 
step 2 (s2), the averaging register or waveform peak 
value register is initialized. The peak value register is a 
register as the output terminal of AT error signal peak- 
hold processing. An integrating register is used to aver- 
age the peak-hold values for a predetermined period. 
An integration counting register represents the number 
of times for integrating the peak-hold values in the inte- 
grating register. Therefore, the average peak value can 
be calculated as "integrating register valueV integration 
counting register value". 

When the start flag is set in step s3, peak-hold 
processing in interrupt processing (to be described 
later) is started. In step s4, a 5-ms timer is started to 
wait until the initial value of the peak value register 
reaches the actual peak value. 

It is determined in step s5 that the period of 5 ms 
has elapsed. In step s6, the averaging start flag is set. 
Thereafter, peak-hold processing is continuously per- 
formed in interrupt processing, and peak value integra- 
tion processing is started. 

In step s7 ( a timer for setting an averaging period is 
started. In this case, the averaging period is set at 16.6 
ms corresponding to one revolution of the disk. Averag- 
ing for a period corresponding to one revolution of the 
disk also enables averaging variations along the circum- 
ferential direction of the disk. 

It is determined in step s8 that the period of 1 6.6 ms 
has elapsed. In step s9, the start flag is reset to stop 
peak-hold and integration processing in interrupt 
processing. Thereafter, in step slO, the average value is 
calculated. When the integrating register value is 
divided by the integration counting register value, the 
average AT signal peak value during one revolution of 
the disk can be obtained. 

Interrupt processing will be described below with 
reference to Fig. 5. 

Interrupt processing is started at 50 kHz which is a 
fundamental sampling frequency of the servo system 
(s21). When interrupt processing is started, it is first 
checked in step s22 whether the start flag is set. Until 
the start flag is set in the main flow of Fig. 4 (s3), the 
flow advances to step s23 to end interrupt processing. 

When the start flag is set, the flow advances to step 
s24 to perform peak-hold processing. In step s24, the 
AT error data is read. In step s25, the value of the AT 
error data is compared with the peak value of the peak 



value register. If the read value of the AT error data is 
larger than the peak value, the flow advances to step 
s26 to increase the peak value data of the peak value 
register. At this time, instead of setting the value of the 
AT error data as the peak value, the peak value is 
increased by only 1/8 the difference between the value 
of the AT error data and the previous peak value. With 
this processing, an erroneous peak-hold operation 
caused due to the flaws of the disk or noise can be pre- 
vented. 

When the value of the AT error data is smaller than 
the peak value, the flow advances to step s27 to per- 
form a hold operation. At this time as well, instead of 
only holding the peak value data, the peak value is grad- 
ually decreased by dividing the difference between the 
value of the AT error data and the previous peak value 
by 1024. With this processing, an erroneous peak-hold 
operation caused due to the flaws of the disk or noise 
can be prevented. 

Upon completion of peak value processing, the flow 
advances to step s28 to check the averaging start flag. 
If the average start flag is not set in step s6 of the main 
flow of Fig. 4, the flow advances to step s29 to end inter- 
rupt processing. This sequence is performed during the 
timer period of 5 ms waiting until the peak value data 
reaches the actual peak value. 

If the averaging start flag is set, the flow advances 
to step s30 to integrate the peak value register value in 
the integrating register and increment the integration 
counting register by one, thereby counting the number 
of times of integration. The flow advances to step s31 to 
end interrupt processing. 

When the period of 16.6 ms set in the timer has 
elapsed in steps s7 and s8 of the main flow, the start 
flag is reset so neither peak-hold processing nor inte- 
gration processing is performed. Using only data at dis- 
crete sampling points of 50 kHz, accurate peak and 
bottom values can be measured, and as a result the AT 
error signal amplitude value and the offset value can be 
measured although the AT error signal obtained when 
the light spot is crossing the tracks is close to the sam- 
pling frequency, i.e., 5 to 10 kHz. In addition, when the 
peak value is processed on the basis of 1/8 or 1/1024 
the data difference, a peak-hold operation free from 
noise can be achieved while appropriately setting the 
waiting time. 

(4) "AF Offset Adjustment Operation Using VFO Ampli- 
tude" 

A servo state for automatic adjustment in the AF 
offset adjustment operation using a VFO amplitude will 
be described. This adjustment operation is performed 
after the AF, AT, and trace servo loops are formed. As 
for the AT servo, the polarity inversion block 42 is at a 
positive polarity in the land portion tracking mode and at 
a negative polarity in the groove portion tracking mode. 
The amplitude of a magnetooptical signal or the ampli- 
tude of a VFO signal at an ID portion must be held. To 
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obtain this VFO timing, the ID reproduction system must 
be normally operated, and address reproduction must 
be possible. At this time, the ID data portion can be 
either a signal recorded as an embossed pit or a signal 
recorded as a pit of magnetooptical recording. 

As an adjustment means, the range of offset values 
to be applied to the AF servo loop for adjustment is 
determined on the basis of the AF-S peak value data 
which has been measured in an AF operation. The 
range is set to be, e.g., 1/2 the S-shaped peak value. 
The offset value is changed at a resolution equally divid- 
ing the half of this peak value into eight segments. 
Measurement is performed at 17 points including the 
zero point and positive and negative points. This meas- 
urement is performed in the land portion tracking mode 
and in the groove portion tracking mode to determine 
optimum AF offset values, respectively. 

First, to set the land portion tracking mode, the 
polarity inversion block is set at the positive polarity. The 
magnetooptical signal amplitude or VFO signal ampli- 
tude is measured at an AF offset value of 0, and the 
amplitude value and the offset value are stored in corre- 
spondence with each other. 

The offset is changed every step of the above reso- 
lution in the negative direction, and VFO signal ampli- 
tude values at the respective steps and given offset 
values are stored in correspondence with each other. 
This operation is performed within the above range, i.e., 
up to eight steps. Simultaneously, the maximum VFO 
signal amplitude value is determined. When a VFO sig- 
nal amplitude value smaller than 80% of the maximum 
value is measured during step measurement, a 
sequence for inhibiting to increase the absolute value of 
the offset is taken. This is because the in-focus state 
must be prevented from being excessively degraded to 
cause a focus deviation. 

The offset value is changed again up to the zero 
point. At this time, measurement in the positive direction 
is performed as in measurement in the negative direc- 
tion. Upon completion of measurement at all points, the 
maximum VFO signal amplitude value is found. An AF 
offset value for obtaining an amplitude value corre- 
sponding to 80% of the maximum value is calculated. 
This offset value smaller than 80% of the maximum 
amplitude value is obtained by linear interpolation 
based on the preceding and subsequent offset values. 
The average value, i.e., the medium of the offset values 
smaller than 80% of the maximum amplitude value in 
the positive and negative directions is obtained as a set 
offset Finally, the offset is gradually changed up to the 
set offset. An abrupt change must be avoided because 
it causes a focus deviation. This offset value smaller 
than 80% of the maximum amplitude value can be set 
as a focus deviation detection threshold level. 

To set the groove portion tracking mode, the polarity 
inversion block is set at the negative polarity. As in the 
land portion tracking mode, the offset value is changed 
every step of the resolution in the negative direction, 
and VFO signal amplitude values at the respective 



steps and given offset values are stored in correspond- 
ence with each other. This operation is performed within 
the above range. 

An AF offset value optimum for the groove portion 
s tracking mode is determined. In addition, a deviation 
detection level for the groove portion tracking mode is 
determined. 

The AF offset values and AF deviation detection 
levels determined in the land portion tracking mode and 
10 the groove portion tracking mode are independently 
stored. 

The AF offset values and AF deviation detection 
levels are set in accordance with the tracking mode 
when data is to be reproduced or recorded, or when the 
75 light spot moves on the tracks in the seeking operation. 

(5) Method of Measuring Magnetooptical Signal Ampli- 
tude or ID Portion VFO Signal Amplitude 

20 A method of measuring a magnetooptical signal 
amplitude or an ID portion VFO signal amplitude will be 
described below. Processing is performed at 1/8 a servo 
interrupt timing of 50 kHz. A magnetooptical signal 
amplitude or ID portion VFO amplitude data of the A/D 

25 converter of the CPU 1 are read, integrated, and aver- 
aged at a sampling timing of 1/8 of 50 kHz. For example, 
data for 10 ms are averaged for one point of the AF off- 
set point. 

30 (6) AT & SUM Offset (Fine Adjustment, Deviation Detec- 
tion Level) 

Fig. 6 is a block diagram showing parts extracted 
from the functional block diagram (Fig. 1) of automatic 
35 adjustment, which are particularly necessary for auto- 
matic AT offset adjustment and automatic SUM signal 
adjustment. 

Automatic AT offset adjustment is a highly precise 
offset adjustment operation performed in the land por- 

40 tion tracking mode and the groove portion tracking 
mode by using a magnetooptical signal amplitude or 
VFO signal amplitude as an index. Before this precise 
offset adjustment operation, coarse adjustment is per- 
formed in which the tracking error signal obtained when 

45 the light spot crosses tracks is measured, and a tracking 
servo target value is set almost at the central value. 
With this processing, even in a device or disk with a 
large offset, the land portion tracking mode and the 
groove portion tracking mode can be stably set. 

so Automatic SUM signal adjustment is used to detect 
a focus deviation by measuring the level of the SUM sig- 
nal representing light totally reflected by the disk in the 
land portion tracking mode and the groove portion track- 
ing mode. After the laser is turned on, and an AF oper- 

55 ation is completed, the above-described coarse AT 
offset adjustment operation is performed while rotating 
the disk at a predetermined speed. Thereafter, upon 
completion of an AT operation, fine adjustment is per- 
formed in a trace state. In the trace state, the land por- 
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tion tracking mode is set first, and a precision AT offset 
adjustment operation optimum for land tracking is per- 
formed. Thereafter, the groove portion tracking mode is 
set, and an AT offset adjustment operation optimum for 
groove tracking is performed. 

The fine AT offset adjustment operation will be 
described below in detail. The fine AT offset adjustment 
operation is performed in the servo state for automatic 
adjustment, i.e., after the AF, AT, and trace servo loops 
are formed. As for the AT operation, the polarity inver- 
sion block 42 is set at the positive polarity in the land 
portion tracking mode and at the negative polarity in the 
groove portion tracking mode. The amplitude of a mag- 
netooptical signal or the amplitude of a VFO signal at an 
ID portion must be held. To obtain this VFO timing, the 
ID reproduction system must be normally operated, and 
address reproduction must be possible. 

The sequence of adjustment will be described 
below. The range of offset values to be applied to the AT 
servo loop for adjustment is determined on the basis of 
the amplitude value data of the tracking error signal 
which has been measured upon a coarse AT adjust- 
ment operation. The range is set to be, e.g., 1/2 the 
amplitude value of the AT error signal. The offset is 
changed at a resolution equally dividing the half of this 
amplitude value into eight segments. Measurement is 
performed at 1 7 points including the zero point and pos- 
itive and negative points. This measurement is per- 
formed in the land portion tracking mode and in the 
groove portion tracking mode to determine optimum AT 
offset values, respectively. 

First to set the land portion tracking mode, the 
polarity inversion block is set at the positive polarity. The 
magnetooptical signal amplitude or VFO signal ampli- 
tude is measured at an AT offset value of 0, and the 
amplitude value and the offset value are stored in corre- 
spondence with each other. The offset value is changed 
every step of the above resolution in the negative direc- 
tion, and VFO signal amplitude values at the respective 
steps and given offset values are stored in correspond- 
ence with each other. This operation is performed within 
the above range, i.e., up to eight steps. 

Simultaneously, the maximum VFO signal ampli- 
tude value is determined. When a VFO signal amplitude 
value smaller than 80% of the maximum value is meas- 
ured during step measurement, a sequence for inhibit- 
ing to increase the absolute value of the offset is taken. 
This is because the tracking state must be prevented 
from being excessively degraded to cause a tracking 
deviation. 

The offset value is changed again up to the zero 
point. At this time, measurement in the positive direction 
is performed as in measurement in the negative direc- 
tion. Upon completion of measurement at all points, the 
maximum VFO signal amplitude value is found. An AT 
offset value for obtaining an amplitude value corre- 
sponding to 80% of the maximum value is calculated. 
This offset value smaller than 80% of the maximum 
amplitude value is obtained by linear interpolation 



based on the preceding and subsequent offset values. 
The average value, i.e., the medium of the offset values 
smaller than 80% of the maximum amplitude value in 
the positive and negative directions is obtained as a set 

5 offset. Finally, the offset is gradually changed up to the 
set offset. An abrupt change must be avoided because 
it causes a tracking deviation. 

This offset value smaller 80% of the maximum 
amplitude value can be set as a tracking deviation 

10 detection threshold level. To set the groove portion 
tracking mode, the polarity inversion block is set at the 
negative polarity. As in the land portion tracking mode, 
the offset value is changed every step of the resolution 
in the negative direction, and VFO signal amplitude val- 

15 ues at the respective steps and given offset values are 
stored in correspondence with each other. This opera- 
tion is performed within the above range. 

An AT offset value optimum for the groove portion 
tracking mode is determined. In addition, a deviation 

20 detection level for the groove portion tracking mode is 
determined. 

The AT offset values and AT deviation detection lev- 
els determined in the land portion tracking mode and 
the groove portion tracking mode are independently 
25 stored. The AT offset values and AT deviation detection 
levels are set in accordance with the tracking mode 
when data is to be reproduced or recorded, or when the 
light spot moves on the tracks in the seeking operation. 

30 (7) Method of Measuring Magnetooptical Signal Ampli- 
tude or ID Portion VFO Signal Amplitude 

A method of measuring an magnetooptical signal 
amplitude or an ID portion VFO signal amplitude will be 

35 described below. Processing is performed at 1/8 a servo 
interrupt timing of 50 kHz. A magnetooptical signal 
amplitude or ID portion VFO amplitude data of the A/D 
converter of the CPU 1 are read, integrated, and aver- 
aged at a sampling timing of 1/8 of 50 kHz. For example, 

40 data for 1 0 ms are averaged for one point of the AT off- 
set point. 

(8) "Automatic SUM Signal Adjustment" 

45 Upon completion of fine AT offset adjustment, auto- 
matic SUM signal adjustment is performed. After the AT 
offset values optimum for the land portion tracking mode 
and the groove portion tracking mode are set, the SUM 
signal is measured. SUM data are averaged for a period 

so of, e.g., 1 0 ms, thereby measuring the SUM signal level. 
A focus deviation detection level corresponding to, 
e.g., 1/2 the measured level is used as a detection 
threshold level for detecting a focus deviation caused by 
an external vibration, impact, or flaws in disk during 

55 focus servo processing or after focus and tracking servo 
processing. 

Because of asymmetry between the land portions 
and the groove portions of a disk, the difference in SUM 
signals between the land portions and the groove por- 
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tions cannot be avoided. In the present invention, meas- 
urement and adjustment of SUM signals are performed 
at the land portions and the groove portions. With this 
processing, an erroneous deviation detection operation, 
i.e.. a situation that "a focus deviation is detected when 5 
no focus deviation occurs" or "no focus deviation can be 
detected when a focus deviation occurs" can be pre- 
vented. 

[Second Embodiment] 10 

The second embodiment of the present invention 
will be described below. 

In the first embodiment, a method of automatically 
adjusting the AF offset value and deviation detection, 15 
and the AT offset value and deviation detection in the 
land/groove recording apparatus has been described. 
In this embodiment, a disk used for automatic adjust- 
ment in the land/groove recording apparatus will be 
described. In the first embodiment, a magnetooptical 20 
signal or the VFO portion of the ID portion is repro- 
duced, and the offset values and deviation detection 
levels are determined in accordance with the amplitude 
value. In the second embodiment, a method of record- 
ing a magnetooptical signal or the VFO portion of the ID 25 
portion will be described. 

Tracks dedicated for automatic adjustment is 
arranged in manufacturing a disk, and automatic offset 
or deviation detection adjustment signals are recorded 
in the tracks. For example, assuming that an automatic 30 
focusing operation is performed on the inner peripheral 
side of the disk where the surface vibration is small, 
tracks dedicated for automatic adjustment are arranged 
at the inner peripheral portion. From the inner side, 
even-numbered tracks are assigned to land portions, 35 
and odd-numbered tracks are assigned to groove por- 
tions. Signals having a predetermined frequency are 
recorded at tracks of track numbers 10 to 20. A rela- 
tively high frequency usable for data recording is prefer- 
ably used as the recording frequency. This is because a 40 
frequency higher than an optical" spatial frequency 
determined on the basis of a spot size. i.e.. a smaller 
data pit can conspicuously exhibit defocus characteris- 
tics. 

Recording of automatic adjustment signals is per- 45 
formed at the time of shipment of the disk. When this 
disk is inserted into an optical information record- 
ing/reproducing apparatus, automatic adjustment of AF 
and AT offset values and deviation detection is per- 
formed, as in the first embodiment, using the range of so 
track numbers 1 0 to 20. 

With this arrangement, the automatic adjustment 
signals can always be properly ensured, so that the 
arrangement of the optical information recording/repro- 
ducing apparatus is simplified. ss 

[Third Embodiment] 



be described below. 

In the f irst embodiment, a method of automatically 
adjusting the AF offset value and deviation detection, 
and the AT offset value and deviation detection in the 
land/groove recording apparatus has been described. 
In this embodiment, a method of a recording adjustment 
signal used for automatic adjustment in the land/groove 
recording apparatus will be described. 

In the first embodiment, a magnetooptical signal or 
the VFO portion of the ID portion is reproduced, and the 
offset values and deviation detection levels are deter- 
mined in accordance with the amplitude value. A 
method of recording this magnetooptical signal or the 
VFO portion of the ID portion will be described below. 
Automatic adjustment is performed upon starting the 
apparatus or inserting the disk. At this time, an auto- 
matic focusing operation is often performed at a prede- 
termined portion, e.g., on the inner peripheral side of 
the disk where the surface vibration is small. Therefore, 
tracks dedicated for automatic adjustment are arranged 
at the inner peripheral portion. From the inner side, 
even-numbered tracks are assigned to land portions, 
and odd-numbered tracks are assigned to groove por- 
tions. Tracks of track numbers 10 to 20 are ensured as 
an area dedicated for automatic adjustment (this area is 
set outside the user data area, as a matter of course). 
Signals having a predetermined frequency are recorded 
in this area before automatic adjustment. A relatively 
high frequency usable for data recording is preferably 
used as the recording frequency. This is because a fre- 
quency higher than an optical spatial frequency deter- 
mined on the basis of a spot size, i.e., a smaller data pit 
can conspicuously exhibit defocus characteristics. 

The automatic adjustment signals are recorded 
without offset adjustment. In recording, however, not so 
high precision is required of focusing and tracking oper- 
ations as compared to signal reproduction because of 
the influence of grooves or thermal recording process. 
Therefore, even in a servo state without highly precise 
offset adjustment, sufficiently useful automatic adjust- 
ment signals can be recorded. 

Recording of the automatic adjustment signals is 
performed before automatic adjustment which is per- 
formed upon starting the optical information record- 
ing/reproducing apparatus or inserting the disk. The 
automatic adjustment signals are recorded within the 
range of track numbers 10 to 20. Automatic adjustment 
of AF and AT offset values and deviation detection is 
performed, as in the first embodiment, using these sig- 
nals. 

With this arrangement, recording of automatic 
adjustment signals, which is always necessary in the 
second embodiment, becomes unnecessary, so that an 
inexpensive disk can be used. In addition, the apparatus 
performs recording, reproduction, and adjustment by 
itself, so that a highly precise automatic adjustment 
operation can be performed. 



The third embodiment of the present invention will 
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[Fourth Embodiment] 

The fourth embodiment of the present invention will 
be described below. 

Numbers are assigned to tracks on a disk, and 
tracks of numbers 10 to 30 are used for automatic 
adjustment. Even numbers are assigned to land portion 
tracks, and odd numbers are assigned to groove portion 
tracks. 

For example, a signal having a predetermined 
period is recorded at the 12th track. No signal is 
recorded at the 11th track, i.e., the groove portion. A 
crosstalk component from the 12th track is measured 
while tracking the 1 1th track. As in the above embodi- 
ment, while changing the focus offset, a focus offset for 
minimizing the crosstalk is found and stored. Subse- 
quently, while tracking the 13th track where no signal is 
recorded, an offset value for minimizing the crosstalk 
component from the 12th track is found. The average 
value of the optimum offsets obtained from the 1 1th and 
13th tracks is calculated. 

In this manner, a focus offset for minimizing the 
crosstalk from the adjacent track is found and set as a 
focus offset value in the groove portion tracking mode. 

As for a land portion focus offset value, a signal is 
recorded at the 15th track. No signal is recorded at the 
14th track, i.e.. the land portion. A crosstalk component 
from the 15th track is measured while tracking the 14th 
track. As in the above embodiment, while changing the 
focus offset, a focus offset for minimizing the crosstalk is 
found and stored. Subsequently, while tracking the 16th 
track where no signal is recorded, an offset for minimiz- 
ing the crosstalk component from the 15th track is 
found. The average value of the optimum offsets 
obtained from the 14th and 16th tracks is calculated. 

In this manner, a focus offset for minimizing the 
crosstalk from the adjacent track is found and set as a 
focus offset in the land portion tracking mode. 

Similarly, as for a tracking offset, an offset can be 
determined with reference to a crosstalk from an adja- 
cent track. Signals having different frequencies and a 
predetermined period are recorded at the 20th and 
22nd tracks. Automatic tracking offset adjustment is per- 
formed while tracking the 21st track, i.e., the groove por- 
tion. As in the first embodiment, while changing the 
tracking offset, an offset for minimizing crosstalk com- 
ponents from the adjacent tracks, i.e., the 20th and 
22nd tracks is found and set as a groove portion track- 
ing offset. However, since adjustment signals having dif- 
ferent frequency components are recorded at the 20th 
and 22nd tracks, the crosstalk components from the 
tracks on both the sides of the 21st track are not can- 
celed with each other. In addition, using the frequency 
difference, the crosstalk components from the 20th and 
22nd tracks can be separated from each other to meas- 
ure the crosstalk amounts on the left and right sides, 
respectively. Therefore, adjustment can be performed 
such that both the values are minimized. 

In offset adjustment in the land portion tracking 



mode, signals are recorded at the 25th and 27th tracks. 
While tracking the 26th track, i.e., the land portion track, 
the offset is changed, thereby determining an optimum 
land portion tracking offset. 

5 In this embodiment, the 10th to 30th tracks are 

used. However, the number of recording tracks for 
adjustment and the number of measurement tracks are 
not limited to those of this embodiment. In some cases, 
the inner peripheral portion and the outer peripheral 

10 portion of the disk have different focus offset amounts 
and different tracking offset amounts. For this reason, 
recording tracks for adjustment and measurement 
tracks may be arranged at the respective portions. 
As described above, when the focus and tracking 

is offsets are determined on the basis of crosstalk compo- 
nents from adjacent tracks such that the influence of the 
crosstalk is minimized, crosstalk components from the 
adjacent tracks, which pose a serious problem for a 
small track pitch, can be minimized, so that a highly reli- 

20 able optical information recording/reproducing appara- 
tus free from data errors can be realized. 

These adjustment signals can be recorded at pre- 
determined track numbers as automatic adjustment sig- 
nals having a predetermined frequency in 

25 manufacturing the disk. In this case, the apparatus can 
be simplified. 

Furthermore, these automatic adjustment signals 
can be recorded not in manufacturing the disk but by the 
optical information recording/reproducing apparatus 

30 before the automatic adjustment operation. With this 
arrangement, the number of steps in manufacturing the 
disk is decreased, so that an inexpensive disk can be 
manufactured. 

35 [Fifth Embodiment] 

The fifth embodiment of the present invention will 
be described below in which a gain variable block 26 in 
Fig. 1 is adjusted. 

40 Fig. 7 is a block diagram for automatic focus loop 
gain adjustment. A gain measuring block 125 and a 
monitoring point 1 24 are added to the subsequent stage 
of an AF error A/D block 21 in Fig. 1. A gain measuring 
signal supplies a sine wave of several kHz to an adder 

45 23 to measure the servo loop gain, and the open-loop 
gain of the servo loop is measured by a monitoring point 
24 and the monitoring point 124. 

After the focus servo loop and the tracking servo 
loop are formed, and offset adjustment is completed, 

so automatic open-loop gain adjustment for the focus 
servo loop is performed. First, the land portion tracking 
mode is set. Normally, the focus servo loop band is set 
within the range of about 3 to 5 kHz, Therefore, a signal 
of about 3 kHz is preferably used as the gain measuring 

55 signal. In a digital servo, a data table having sine wave 
data can be prepared, and the data can be changed and 
supplied to the adder 23 in units of sampling frequen- 
cies. 

The signal of 3 kHz, which is supplied in this man- 
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ner, is transferred in the focus servo loop. In this 
arrangement the relationship between an output from 
the adder 23, i.e., the monitoring point 24, and an input 
to the adder 23, i.e., the monitoring point 124 has a 
close relationship with the open-loop transfer gain of the 
focus servo loop. 

In this embodiment, when the gain measuring sig- 
nal of 3 kHz is supplied, a value obtained by dividing the 
amplitude of the signal of 3 kHz at the monitoring point 
124 by that at the monitoring point 24 corresponds to a 
gain at 3 kHz of the open-loop transfer characteristics of 
the focus servo loop. 

Using this nature, open-loop gain adjustment of the 
focus servo is performed. For example, when the servo 
band is to be set to 3 kHz, the amplitudes of the signals 
of 3 kHz at the monitoring point 24 and the monitoring 
point 124 are equalized, i.e., set to 0 dB. With this 
processing, the open-loop transfer characteristics of the 
focus servo loop can be set to 0 dB at 3 kHz. 

To change the loop gain, the gain variable block 26 
is changed. Assume that, when the gain of the gain var- 
iable block 26 is set to 100, and automatic focus open- 
loop gain adjustment is started, the amplitude value of 
the signal of 3 kHz at the monitoring point 24 is "SO", 
and the amplitude value of the signal of 3 kHz at the 
monitoring point 124 is "40". In this case, the gain at 3 
kHz is 40/50 = 0.8. Therefore, the gain of the gain vari- 
able block 26 must be increased, so that a gain of 125 
corresponding to 1.25 times (1.25 is the reciprocal of 
0.8) the set gain is set in the gain variable block 26. With 
this processing, the open-loop gain of the focus servo 
loop can be automatically adjusted. 

The set value of the gain variable block 26 is stored 
as a focus sptvo gain set value in the land portion track- 
ing mode. 

The tracking mode is switched to the groove portion 
tracking mode, and open-loop gain adjustment of the 
focus servo is performed again. The sequence is the 
same as that in the land portion tracking mode. A signal 
of 3 kHz is supplied from the gain measuring block to 
the adder 23, and the set value of the gain variable 
block 26 is adjusted such that the amplitude value of the 
signal of 3 kHz at the monitoring point 24 is equalized 
with that at the monitoring point 124. 

The set value of the gain variable block 26 is stored 
as the focus servo gain set value in the groove portion 
tracking mode. The value of the gain variable block 26 is 
set in accordance with the tracking mode when data is 
to be reproduced/recorded or when the light spot moves 
on tracks in the seeking operation. 

When optimum gain parameters of the focus servo 
loop are set in the land portion tracking mode and in the 
groove portion tracking mode, respectively, a stable and 
highly precise focus servo loop can be constituted even 
when the focus error signal characteristics of the land 
portions are different from those of the groove portions. 



[Sixth Embodiment] 

The sixth embodiment of the present invention will 
be described below in which a gain variable block 36 at 

5 the subsequent stage of an AT error A/D block 31 shown 
in Fig. 1 is adjusted. 

Fig. 8 is a block diagram for automatic tracking loop 
gain adjustment. A gain measuring signal block 135 and 
a monitoring point 134 are added to an AT offset block 

io 32 shown in Fig. 1 . The gain measuring signal block 135 
supplies a sine wave of several kHz to an adder 33 to 
measure the servo loop gain, and the open-loop gain of 
the servo loop is measured by a monitoring point 34 and 
the monitoring point 134. 

75 After the focus servo loop and the tracking servo 
loop are worked, and offset adjustment described 
above is completed, automatic open-loop gain adjust- 
ment of the tracking servo is performed. First, the land 
portion tracking mode is set. Normally, the tracking 

20 servo loop band is set within the range of about 3 to 5 
kHz. Therefore, a signal of about 3 kHz is preferably 
used as the gain measuring signal. In a digital servo, a 
data table having sine wave data can be prepared, and 
the data can be changed and supplied to the adder 33 

25 in units of sampling frequencies. 

The signal of 3 kHz, which is supplied in this man- 
ner, is transferred in the tracking servo loop. In this 
arrangement, the relationship between an output from 
the adder 33, i.e., the monitoring point 34, and an input 

30 to the adder 33, i.e., the monitoring point 134 has a 
• close relationship with the open-loop transfer gain of the 
tracking servo loop. 

In this embodiment, when the gain measuring sig- 
nal of 3 kHz is supplied, a value obtained by dividing the 

35 amplitude of the signal of 3 kHz at the monitoring point 
134 by that at the monitoring point 34 corresponds to a 
gain at 3 kHz of the open-loop transfer characteristics of 
the tracking servo loop. Using this nature, open-loop 
gain adjustment of the tracking servo loop is performed. 

40 For example, when the servo band is to be set to 3 
kHz, the amplitudes of the signals of 3 kHz at the moni- 
toring point 34 and the monitoring point 134 are equal- 
ized, i.e., set to 0 dB. With this processing, the open- 
loop transfer characteristics of the tracking servo loop 

45 can be set to 0 dB at 3 kHz. To change the loop gain, a 
gain variable block 36 is changed. 

Assume that, when the gain of the gain variable 
block 36 is set to 100, and automatic tracking open-loop 
gain adjustment is started, the amplitude value of the 

so signal of 3 kHz at the monitoring point 34 is "50 *\ and 
the amplitude value of the signal of 3 kHz at the monitor- 
ing point 134 is "40". In this case, the gain at 3 kHz is 
40/50 = 0.8. Therefore, the gain of the gain variable 
block 36 must be increased, so that a gain of 125 corre- 

55 sponding to 1 .25 times (1 .25 is the reciprocal of 0.8) the 
set gain is set in the gain variable block 36. With this 
processing, the open-loop gain of the tracking servo 
loop can be automatically adjusted. This set value of the 
gain variable block 36 is stored as the tracking servo 
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gain set value in the land portion tracking mode. 

The tracking mode is switched to the groove portion 
tracking mode, and open-loop gain adjustment of the 
tracking servo loop is performed again. The sequence is 
the same as that in the land portion tracking mode. A 
signal ol 3 kHz is supplied from the gain measuring 
block to the adder 33, and the set value of the gain var- 
iable block 36 is adjusted such that the amplitude value 
of the signal of 3 kHz at the monitoring point 34 is equal- 
ized with that at the monitoring point 134. This set value 
of the gain variable block 36 is stored as the tracking 
servo gain set value in the groove portion tracking 
mode. 

The value of the gain variable block 36 is set in 
accordance with the tracking mode when data is to be 
reproduced/recorded or when the light spot moves on 
tracks in the seeking operation. 

When optimum gain parameters of the tracking 
servo loop are set in the land portion tracking mode and 
the groove portion tracking mode, respectively, a stable 
and highly precise tracking servo loop can be consti- 
tuted even when the tracking error signal characteristics 
of the land portions are different from those of the 
groove portions. 

Automatic adjustment according to each of the 
above embodiments is executed at least once when the 
disk is inserted into the apparatus or before the informa- 
tion recording/reproducing operation. 

It will be appreciated that a recording/reproducing 
apparatus in the above description refers to an appara- 
tus capable of recording information only, or an appara- 
tus capable of reproducing prerecorded information 
only, or an apparatus capable of both recording informa- 
tion and reproducing information. 

Claims 

1. An optical information processing apparatus for 
performing at least one of the functions of recording 
on and reproducing from both a land portion and a 
groove portion which are formed on a recording 
medium, by using a light beam, comprising: 

a focus servo for adjusting a focus state of the 
light beam; 

a tracking servo for adjusting a tracking state of 
the light beam; and 

means for checking a parameter of said focus 
servo and/or said tracking servo in a mode 
wherein the light beam is tracing said land por- 
tion and in a mode wherein the light beam is 
tracing said groove portion, 

wherein said focus servo and/or said track- 
ing servo adjusts the focus state and/or the tracking 
state of the light beam on the basis of the parame- 
ter checked by said check means. 

2. An apparatus according to claim 1, wherein the 



parameter is a gain of said focus tracking servo 
and/or said tracking servo. 

3. An apparatus according to claim 1, wherein said 
5 focus servo includes at least means for detecting 

the light beam reflected by said medium to gener- 
ate a focus error signal, and 

the parameter is an offset value added to the 
io focus error signal to compensate an offset 

included in the focus error signal. 

4. An apparatus according to claim 1, wherein said 
tracking servo includes at least means for detecting 

is the light beam reflected by said medium to gener- 
ate a tracking error signal, and 

the parameter is an offset value added to the 
tracking error signal to compensate an offset 
20 included in the tracking error signal. 

5. An apparatus according to claim 1, wherein said 
focus servo includes at least means for detecting 
the light beam reflected by said medium to gener- 

25 ate a focus error signal, and 

the parameter is a level value of the focus error 
signal used to detect a deviation of said focus 
servo. 

30 

6. An apparatus according to claim 1, wherein said 
tracking servo includes at least means for detecting 
the light beam reflected by said medium to gener- 
ate a tracking error signal, and 

35 

the parameter is a level value of the tracking 
error signal used to detect a deviation of said 
tracking servo. 

40 7. An apparatus according to claim 1 , wherein said 
check means uses a dedicated check signal to 
check the parameter. 

8. An apparatus according to claim 7. wherein the 
45 check signal is recorded in advance at said land 

portion and said groove portion of said medium at 
the time of shipment. 

9. An apparatus according to claim 7, wherein the 
so check signal is recorded at said land portion and 

said groove portion when the parameter is checked 
by said check means. 

10. An apparatus according to claim 8, wherein said 
55 check means checks the parameter on the basis of 

an amplitude of a reproduction signal obtained 
when the check signal recorded in said medium is 
reproduced. 
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11. An optical information processing apparatus for 
performing at least one of the functions of recording 
on and reproducing from both a land portion and a 
groove portion which are formed on a recording 
medium, by using a light beam, comprising: s 

a focus servo for adjusting a focus state of the 
light beam on the basis of a focus error signal 
representing the focus state of the light beam; 
a tracking servo for adjusting a tracking state of 10 
the light beam on the basis of a tracking error 
signal representing the tracking state of the 
light beam; and 

means for switching an offset signal to be 
added to the focus error signal and/or the track- is 
ing error signal to compensate an offset 
included in the focus error signal and/or the 
tracking error signal between a mode wherein 
the light beam is tracing said land portion and a 
mode wherein the light beam is tracing said 20 
groove portion. 

12. An optical information processing apparatus for 
performing at least one of the functions of recording 
on and reproducing from both a land portion and a 25 
groove portion which are formed on a recording 
medium, by using a light beam, comprising: 

a focus servo for adjusting a focus state of the 
light beam on the basis of a focus error signal 30 
representing the focus state of the light beam; 
a tracking servo for adjusting a tracking state of 
the light beam on the basis of a tracking error 
signal repr<esenting the tracking state of the 
light beam; and 35 
means for switching a determination level value 
of the focus error signal and/or the tracking 
error signal used to detect a deviation of said 
focus servo and/or said tracking servo between 
a mode wherein the light beam is tracing said 40 
land portion and a mode wherein the light 
beam is tracing said groove portion. 

13. An optical information recording/reproducing 
method used to record and/or reproduce informa- 45 
tion ontf rom both a land portion and a groove por- 
tion, which are formed on a recording medium, by 
using a light beam, comprising the steps of: 

adjusting a focus state of the light beam by a so 
focus servo; 

adjusting a tracking state of the light beam by a 
tracking servo; and 

checking a parameter of said focus servo 
and/or said tracking servo in a mode wherein ss 
the light beam is tracing said land portion and 
in a mode wherein the light beam is tracing said 
groove portion, 



981 A2 28 

wherein said focus servo and/or said track- 
ing servo adjusts the focus state and/or the tracking 
state of the light beam on the basis of the parame- 
ter checked in the step of checking the parameter. 

14. An optical information recording/reproducing 
method used to record and/or reproduce informa- 
tion on/from both a land portion and a groove por- 
tion, which are formed on a recording medium, by 
using a light beam, comprising the steps of: 

adjusting a focus state of the light beam on the 
basis of a focus error signal representing the 
focus state of the light beam; 
adjusting a tracking state of the light beam on 
the basis of a tracking error signal representing 
the tracking state of the light beam; and 
switching an offset signal to be added to the 
focus error signal and/or the tracking error sig- 
nal to compensate an offset included in the 
focus error signal and/or the tracking error sig- 
nal between a mode wherein the light beam is 
tracing said land portion and a mode wherein 
the light beam is tracing said groove portion. 

15. An optical information recording/reproducing 
method used to record and/or reproduce informa- 
tion on/from both a land portion and a groove por- 
tion, which are formed on a recording medium, by 
using a light beam, comprising the steps of: 

adjusting a focus state of the light beam by a 
focus servo using a focus error signal repre- 
senting the focus state of the light beam; 
adjusting a tracking state of the light beam by a 
tracking servo using a tracking error signal rep- 
resenting the tracking state of the light beam; 
and 

switching a determination level value of the 
focus error signal and/or the tracking error sig- 
nal used to detect a deviation of said focus 
servo and/or said tracking servo between a 
mode wherein the light beam is tracing said 
land portion and a mode wherein the light 
beam is tracing said groove portion. 

16. An apparatus according to claim 9, wherein said 
check means checks the parameter on the basis of 
an amplitude of a reproduction signal obtained 
when the check signal recorded in said medium is 
reproduced. 

17. An optical information processing apparatus for 
performing at least one of recording information on 
or reproducing information from the groove portions 
and land portions of a recording medium using a 
light beam, 

the apparatus including servo means for 
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adjusting the light beam, and 
means for adjusting the operation of the servo 
means dependent on whether the light beam 
intercepts a groove portion or a land portion of 
the recording medium. 5 

18. An optical information recording or reproducing 
method for recording on or reproducing information 
from the groove portions and land portions of a 
recording medium using a light beam, and io 

a servo means for adjusting the light beam, 
the method including the step of adjusting the 
operation of the servo means dependent on 
whether the light beam intercepts a groove por- 75 
tion or a land portion of the recording medium. 
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